Crystallization and nucleation behavior of microbial poly(3-hydroxybutyrate) and poly(3-hydroxybutyrate-co-3-hydroxyvalerate) were investigated by differential scanning calorimetry. The polymers mixed with talc as a nucleating agent showed promotion of crystallization of the polymers, while the addition of saccharin hardly promoted crystallization. However, melting points and long periods of these polymers crystallized isothermally after mixing with talc and saccharin, decreased considerably. The depression in melting points and long periods of the polymers mixed with saccharin was larger than that mixed with talc, implying that saccharin was included more easily within the polymer crystal playing the role of diluent. The concentration of around 4% is most appropriate to reveal typical effect of nucleating agents without severe deterioration of mechanical prop erties. Large spherulites were formed in plain polymers and those mixed with saccharin, whilst extremely small spherulites were formed in the polymers mixed with talc.
Introduction
Poly(3-hydroxybutyrate)(PHB) and its copolymer poly (3-hydroxybutyrate-co-3-hydroxyvalerate) {P(HB-co-HV)} can be isolated from the cells of many types of bacteria by solvent extraction (1, 2) . These products are thermo plastic, biodegradable and biocompatible materials (3, 4) .
The polymers are highly pure because of microbial origin without catalysts so that they are very convenient mate rials to study crystallization kinetics and the effect of nucleating agents. Crystallization and morphology of PHB and P(HB-co-HV) have been reported by a few authors (5, 6) . These polymers slow extremely slow crystalliza tion rate (7, 8) , which is disadvantageous to the manufac turing process of fibers or films for practical use. Nu cleation behavior of nucleating agents (1% of talc and saccharin) for PHB has been reported by polarized optic al microscopic observation (9) , however, there is no further investigation on the nucleation behavior of these polymers.
In this study, crystallization and melting behavior of by plotting Xt (weight fraction of crystallinity at time t to the final one) against the crystallization time t, from which the crystallization time t1/2 at a half fraction of crystallinity (Xt=1/2) was evaluated as the same proce dure to the other literature (13). Table 1 lists Avrami index n, kinetic rate constant k and t1/2 of PHB and P(HB-co-9 mol% HV) against the crystallization temperature Tc obtained from the crystal lization isotherms using the following equation (14): (1) The index n was the slope obtained from plot of log ( ln(1-Xt)) against log t. The rate constant k was calculated from t1/2 using the following equation:
Comparing k values, it can be said that crystallization of both polymers accelerates with addition of talc, while it rather delays with the addition of saccharin. The brittle properties of plain polymers (12) were somewhat improved (ca. 50% increase in tensile strain)
by mixing with 4% talc because the spherulites became finer. Moreover, the polymers mixed with 4% saccharin became flexible because of the diluent effect (ca. twofold increase in tensile strain) accompanied with slight de crease (ca. 10%) in strength. The properties of the polymers were hardly improved with addition of 1% nu cleating agents, while those became rather brittle and de teriorated with addition of 10% agents. 
